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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] While it is open for free passage with a nozzle orifice, arranging a diaphragm and forming a pressure 
room To the ink jet type recording head which comes to fix the piezoelectric transducer in the 
longitudinal-oscillation mode in which the front end was fixed to said diaphragm The 1st process which 
retreats said diaphragm from a nozzle orifice to a position at the rate of extent in which impresses driver 
voltage to said piezoelectric transducer, and the meniscus of a nozzle orifice carries out the regurgitation 
from said nozzle orifice, The drive approach of the ink jet recording head which consists of the 2nd process 
which holds said diaphragm in said location, and the 3rd process to which said meniscus advances said 
diaphragm to a nozzle orifice side when the amount of retreat returns 1/3 or more. 

[Claim 2] While it is open for free passage with a nozzle orifice, arranging a diaphragm and forming a pressure 
room In the equipment which drives the ink jet type recording head which comes to fix the piezoelectric 
transducer in the longitudinal-oscillation mode in which the front end was fixed to said diaphragm The 1st 
electrical potential difference which shrinks said piezoelectric transducer at the rate of extent in which the 
meniscus currently formed in said nozzle orifice carries out the regurgitation from said nozzle orifice, While 
generating the 2nd electrical potential difference which holds said piezoelectric transducer in the 
contraction condition, and the 3rd electrical potential difference which expands a piezoelectric transducer, it 
is said 2nd electrical potential difference T>=Tirn (however, T) Time amount after, as for Tim, the 1st driver 
voltage reaches a stationary steady state in the holding time of the 2nd electrical potential difference again 
until a meniscus returns from the maximum retreat location to 1/3 is shown. 
The driving gear of an ink jet type recording head to maintain. 

[Claim 3] The ink jet type recording head driving gear of claim 2 which made the time constant of the 1st 
and/or the 3rd driver voltage 0.9 or more times of the proper oscillation period of said pressure room. 
[Claim 4] The ink jet type recording head driving gear of claim 2 which made the time constant of the 3rd 
driver voltage 0.9 of the proper oscillation period of said piezoelectric transducer thru/or 1.2 times. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention carries out the variation rate of the elastic plate which forms the 
pressure room with a rod-like piezoelectric transducer, and relates to the drive technique of an ink jet 
recording head of compressing a pressure room with this variation rate, and making an ink droplet injecting 
from a nozzle orifice. 
[0002] 

[Description of the Prior Art] As shown in JP, 2-2421 8, B as one of the ink jet recording heads used for a 
recording apparatus, what fixed the disc-like piezo-electric diaphragm to the elastic plate which constitutes 
a pressure room is used from the former, since such an ink jet recording head of a format has the small 
variation rate of a piezoelectric transducer — effective area — large — not taking — a pressure room is 
arranged in the part distant from the nozzle orifice which cannot obtain, therefore can secure a 
comparatively big area, and the structure of connecting between nozzle orifices in passage is adopted. 
Consequently, it not only causes enlargement of the whole recording head, but in order to make fluid 
resistance of each ink passage into homogeneity, there is a problem that complicated tuning is needed. 
[0003] As shown in the U.S. Pat. No. 4697193 specification, a piezoelectric transducer is formed in the 
shape of a rod, and the ink jet recording head which makes this contact the elastic plate of a pressure room, 
carries out longitudinal oscillation, and generates an ink droplet is also proposed, in order to solve such a 
problem. The passage which connects a pressure room and a nozzle orifice not only becomes unnecessary, 
but [ since according to this recording head a nozzle orifice can be made to be able to counter and a 
piezoelectric transducer can be arranged, ] since a piezoelectric transducer can be made into a laminated 
structure, driver voltage could be reduced, since the resonant frequency of the piezoelectric transducer 
itself was still comparatively larger, the high-speed drive was attained, and it has the description of being 
able to aim at improvement in a print speed. 

[0004] The so-called length stroke type which the ink jet recording head using such a longitudinal oscillation 
impresses [ type ] driver voltage to a piezoelectric transducer just before dot formation, shrinks [ type ] a 
piezoelectric transducer, subsequently makes driver voltage discharge, and generates an ink droplet by 
expanding of a piezoelectric transducer is adopted. 
[0005] 

[Problem(s) to be Solved by the Invention] When the actuation repeat frequency of a piezoelectric 
transducer be raise in order printing speed while use of the elastic energy beforehand accumulated in the 
piezoelectric transducer or the diaphragm be not only attain , but there be an advantage that positive 
drawing in of the ink to a pressure room can be aim at , when such a length stroke type be use , there be 
un-arrange [ of dispersion arise in the location of the meniscus at the time of formation of an ink droplet , 
change the size and the rate of an ink droplet , and change printing quality ] . 

[0006] In order to avoid such a problem, while setting up the contraction rate of a piezoelectric transducer 
low as much as possible and lessening migration of a meniscus, the drive approach of holding fixed time 
amount and a piezoelectric transducer in the contraction condition until a meniscus returns to the original 
location and it stands it still, and impressing the 2nd driver voltage, and expanding a piezoelectric transducer 
is used. While stability of a quality of printed character can be aimed at according to such a drive approach, 
the new problem that the high-speed responsibility of the piezoelectric transducer itself cannot fully be 
employed efficiently arises. The place which this invention is made in view of such a problem, and is made 
into the purpose is proposing the drive approach of an ink jet recording head of having used the 
longitudinal-oscillation mode which can carry out a high-speed drive, maintaining a high quality of printed 
character. Moreover, the 2nd purpose of this invention is offering the equipment for realizing the 
above-mentioned approach. 
[0007] 

[Means for Solving the Problem] In order to solve such a problem, it sets to this invention. While making the 
nozzle plate in which the nozzle orifice was drilled counter, arranging a diaphragm and forming a pressure 
room To the ink jet type recording head which comes to fix the piezoelectric transducer in the 
longitudinal-oscillation mode which the tip was made to counter said nozzle orifice and was fixed to said 
diaphragm The 1 st process which retreats said diaphragm from a nozzle orifice to a position at the rate of 
extent in which impresses driver voltage to said piezoelectric transducer, and the meniscus of a nozzle 
orifice carries out the regurgitation from said nozzle orifice, It had the 2nd process which holds said 
diaphragm in said location, and the 3rd process to which said meniscus advances said diaphragm to a nozzle 
orifice side when the amount of retreat returns 1/3 or more. 



1 /6 



2004/03/22 10:34 



http://www4.ipdljpo.gojp/cgi-bin/tran_web_cgi_ejje 



[0008] 

[Function] Although a meniscus retreats from a nozzle orifice with contraction of a piezoelectric transducer 
it becomes the flow which goes to a nozzle orifice at the next moment before and after contraction of a 
piezoelectric transducer stops. When the direction of the inertial flow of ink switches, it returns from the 
original location to about 1/3 and a piezoelectric transducer is expanded, the pressure by expanding of a 
piezoelectric transducer joins the ink near the nozzle orifice at inertial flow, and ink is made to fly from a 
nozzle orifice efficiently. And if a meniscus returns 1/3 or more from the original location, since an ink 
droplet will fly at a fixed rate [ be / in the location of a meniscus / no **** ], the configuration of the dot 
printed and size are stabilized. 
[0009] 

[Example] Then, based on the example illustrating the detail of this invention, it explains below .Drawing 1 
and 2 show one example of the ink jet recording head using the longitudinal-oscillation mode in which the 
driving gear of this invention is applied, it carries out the laminating of a drive electrode and the 
piezo-electric oscillating ingredient to the shape of sandwiches, is constituted, and it is the piezoelectric 
transducer which vibrates in longitudinal-oscillation mode, and it is constituted [ the sign 1 in drawing 
connects to juxtaposition the drive electrode which sandwiches a piezo-electric oscillating ingredient, and ]. 
A drive on the same electrical potential difference can be attained in each piezo-electric oscillating layer, 
and an ink droplet can be made to form by about 30-volt driver voltage by taking such structure. 
[0010] This piezoelectric transducer 1 is fixed to the base 9 by the insulating adhesives 7 with a 
comparatively big elastic modulus in an end, and the diaphragm 8 which consists of a high elasticity plate 
which constitutes the pressure room 10 through the pressure transfer member 2 at a tip is being fixed to 
the other end. And the nozzle plate 3 equipped with the nozzle orifice 4 as secured the diaphragm 8 and the 
fixed gap g is being fixed to the base 9 through the spacer 1 1 . It is constituted so that supply of ink may be 
received from the ink tank which is not illustrated through the ink feeder current way 5 which the space 
formed of these diaphragms 8 and a nozzle plate 3 serves as the pressure room 10, and consists of a 
crevice formed in the base 9. And as shown in drawing 3 , these nozzle orifices 4, 4, and 4 carry out two or 
more trains arrangement so that it may become alternate in the direction of vertical scanning, and printing 
with high dot density is constituted possible as much as possible. 

[001 1] In the condition that, as for the ink jet recording head with such structure, driver voltage is not 
impressed to the piezoelectric transducer 1, the meniscus 15 is mostly located in the front face of a nozzle 
orifice 4 ( drawing 5 I). If the 1st driver voltage is impressed in the direction ( drawing 4 sign a) to which this 
is made to reduce to a piezoelectric transducer 1 in this condition, elastic deformation also of the diaphragm 
8 currently fixed at the tip of a piezoelectric transducer 1 will be carried out to a nozzle plate 3, and it will 
retreat from a nozzle orifice 4. Consequently, since the pressure room 10 is extended and the ink here 
moves in the direction of sign in drawing A, a meniscus 15 also retreats to a piezoelectric transducer 1 side, 
simultaneous — as it is invited by the flow of this ink and Sign B shows from the ink feeder current way 5, 
ink flows into the pressure room 1 0 ( drawing 5 II). 

[0012] If the condition of having made the piezoelectric transducer 1 reducing is maintained, the ink of the 
pressure room 10 will produce flow C ( drawing 5 III) which goes to a nozzle orifice side shortly according to 
inertia, and, thereby, a meniscus 15 will also start advance toward a nozzle orifice 4. When the driver voltage 
of a direction ( drawing 4 sign b) which makes a piezoelectric transducer 1 elongate this in the process in 
which this meniscus is moving forward is impressed, a diaphragm 8 is pushed on a piezoelectric transducer 1 
elastic deformation is carried out and the pressure room 10 is made to reduce to a nozzle orifice side. The 
pressure D which this generated is added to the inertial flow C ( drawing 5 III) generated at the front 
process, is put together, and makes the ink of the pressure room 10 jump out of a nozzle orifice 4 outside 
as an ink droplet 16. Although the pressure produced by expanding of a piezoelectric transducer 1 makes 
flow E which goes to the ink feeder current way 5 from the pressure room 10 generated, since ** grade 
inhibition of it is carried out by the inertial flow B produced according to the front process, the pressure 
omission of the pressure room 10 will carry out ** grade reduction. ( Drawing 5 IV) . 

[0013] Drawing 6 shows one example of the equipment which drives an above-mentioned ink jet recording 
head, and it is the 1st switching circuit, the sign 20 in drawing consists of three transistors 21, 22, and 23, 
and when the electrical potential difference of H level is impressed to an input terminal 24, it is constituted 
so that it may become ON. 25 is the 2nd switching circuit, and when it consists of transistors 26 and 27, it 
connects with the input terminal 24 through the inverter 28 and the electrical potential difference of L level 
is impressed to an input terminal 24, it is constituted so that it may become ON. 29 is the capacitor which 
constitutes a time constant circuit, and when supply voltage VH receives charge through resistance 30 
when the 1st switching circuit 20 becomes ON, and the 2nd switching circuit 25 becomes ON, it discharges 
through resistance 31. 32 is a current buffer, consists of transistors 33 and 34 and supplies the electrical 
potential difference proportional to the terminal voltage of a capacitor 29 to a piezoelectric transducer 1 . If 
an input signal as shown in drawing 7 (I) by taking such circuitry is impressed to an input terminal 24, when a 
signal is set to L level, a transistor 22 will serve as OFF and driver voltage VP will start to an electrical 
potential difference VH. And the wave of the driver voltage VP impressed to a piezoelectric transducer 1 
takes action linearly with fixed inclination for the current buffer 32 connected with the transistor 22 and the 
capacitor 29 at this to constitute the Miller integrator, as shown in this drawing (II). When driver voltage VP 
becomes equal to supply voltage VH, the rise of an electrical potential difference stops and the driver 
voltage VP between predetermined time is held after that at supply voltage VH. And when an input signal 
switches to H level, a capacitor 29 discharges through resistance 31, and the wave of the driver voltage VP 
of a piezoelectric transducer 1 falls so that it may start and the symmetry may be mostly made with the 
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time. 

[0014] By the way, the capacitor 29 and resistance 30 and 31 which constitute the circuit decide on the 
build up time tau 1 and the falling time amount tau 2 of driver voltage ****. If R2 and the electrical potential 
difference between base-emitters of transistors 20 and 26 are respectively set [ the capacity of a capacitor 
29 / C and the resistance of resistance 30 ] to VBE1 and VBE2 for the resistance of R1 and resistance 32, 
time amount taul and tau2 will serve as tau1=CxR1 xVH/VBE1tau2=CxR2xVH / VBE2, respectively. 
Consequently, current IP which flows to a piezoelectric transducer 1 IP=CpxVH/tau1 =CpxVBE1 /(CxR1 ) 
IP=CpxVH/tau2=CpxVBE2/(CxR2) 

It becomes. This circuit constitutes the current regulator circuit which passes a fixed current to a 
piezoelectric transducer 1 so that clearly also from time amount change of Current Ip. 

[0015] On the other hand, a voltage stabilizer like drawing 24 is located in the circuit conventionally used as 
a drive circuit of a piezoelectric transducer. When driving a piezoelectric transducer in this voltage stabilizer 
current IP' which flows to a piezoelectric transducer, and electrical-potential-difference VP' impressed to a 
piezoelectric transducer change in nonlinear with time amount. That is, when the combined-resistance value 
of the charge resistance 60 and 61 is made into R1' and the electrostatic capacity Cp of a piezoelectric 
transducer 62, it starts and current IP' and electrical-potential-difference VP' at the time are IP'(t) 
=VH/R1 'xexp{-t/(CpxR1 ')}. 
VP' (t) =VHx [l-exp{-t / (CpxRV)}] 

It becomes. Although time amount until driver voltage ****' reaches supply voltage VH becomes very long in 
such a circuit, the time amount tO which reaches temporarily the electrical potential difference which is 
satisfactory although a piezoelectric transducer deforms substantially by 0.9 times the supply voltage VH, 
i.e., the time amount to which ****' (t) reaches 0.9xVH, becomes tO=2.3xCpxR1\ If charge resistance R1' is 
set up as started in tO by time amount equal to the build up time tau 1 mentioned above here, the maximum 
of IP', i.e., IP', (0) will serve as IP'(0) =VH/R1 -VHx2.3x Cp/tau 1=2.3xlp. This shows that maximum current 
flows 2.3 times, in order to start an electrical potential difference by the same time amount to the current 
regulator circuit which the voltage stabilizer mentioned above. Moreover, when falling, the same gestalt is 
completely shown. Since the maximum current value which flows in a circuit can be decreased even if it 
makes small the charging time or a charging time value by using the current regulator circuit shown by this 
example as compared with the conventional drive circuit, as explained above, the components which 
constitute a drive circuit can be made small and low cost-ization of a circuit can be attained. 
[0016] Drawing 7 is the wave form chart showing actuation of an above-mentioned drive circuit, if a signal as 
shown in drawing 7 (I) from host equipment inputs into an input terminal, when a signal switches from H level 
to L level (T1), the 1st switching circuit 20 will serve as ON, and a capacitor 29 will be charged through 
resistance 30. It changes that this charging current is also at a time constant tau 1 , and the electrical 
potential difference which rises at a fixed rate by the mirror integral function to coincidence at a 
piezoelectric transducer 1 is impressed. A piezoelectric transducer 1 will be reduced at uniform velocity by 
this **, a diaphragm 8 retreats at uniform velocity too, and the pressure room 10 is expanded, and a 
meniscus also retreats with time amount (this drawing IV). 

[0017] When the terminal voltage VP of a piezoelectric transducer 1 rises to supply voltage VH (T2), 
electrical-potential-difference change stops and, as a result, expansion of the pressure room 10 is also 
suspended. Predetermined time (holding time T) continuation of the condition that such a pressure room 10 
was expanded is carried out, and an input signal switches from L level to H level by (T3) the time of 
returning to the position which a meniscus mentions later. Consequently, the 2nd switching circuit 25 serves 
as ON, and discharges through resistance that the charge accumulated in the capacitor 29 is also at a time 
constant tau 2. By this, it decreases at a Fixed rate, and in connection with this, a piezoelectric transducer 1 
will develop at uniform velocity, and the terminal voltage VP of a piezoelectric transducer 1 will compress 
the pressure room 1 0 at a fixed rate. 

[0018] In addition, although the example was taken and explained to the piezoelectric transducer which 
reduces by charge in this example, and is elongated by discharge In using the piezoelectric transducer of the 
type which reduces by discharge and is elongated by charge The standup time constant tau 1 , the holding 
time T which make a symmetry line 0~volt level as shown in drawing 9 using the driving signal which 
switches from L level to H level, and switches from H level subsequently to L level And it is clear by 
generating the driver voltage of the falling time constant tau 2 that same actuation can be carried out. 
[0019] By the way, impress the 1st driver voltage to an ink jet recording head, a piezoelectric transducer 1 
is made to reduce, as mentioned above, the meniscus currently formed in the nozzle orifice by this is 
retreated from the front face of a nozzle orifice, and the behavior of the ink in the drive approach of this 
invention which chooses the time of retreat of this meniscus being reversed at its own discretion, and is 
expanded piezoelectric transducer 1 is further explained in full detail by the simulation. The simulation of the 
behavior of the ink at the time of using the ink of Pas the viscosity of 10mm is carried out to the recording 
head constituted so that the gap g of a nozzle plate 3 and a diaphragm 8 might be set to 80 micrometers 
using the sound model shown in drawing 10 , and the result is shown in drawing 18 from drawing 1 1 . [ in / in 
the diameter of a nozzle orifice / 40 micrometers and a idle state ] 

[0020] This model is the lumped constant circuit of the acoustical system which considered that each part 
of an inkjet head was a concentrated constant, and modeled it. 40 is a lumped constant circuit showing the 
nozzle section, and the pressure source 44 of a meniscus 15, the inertance 45 of a nozzle orifice, and 
resistance 46 are connected to the serial. 41 is a lumped constant circuit the bottom wholly as a 
simple-harmonic-motion system about a piezoelectric transducer 1 and a diaphragm 8, and joins the 
pressure generation source 48 and the rigid compliance 49 by applied voltage, resistance 50, and an 
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inertance 57 to a serial. 42 is a lumped constant circuit showing the pressure room 10, and connects 
resistance 52 and an inertance 53 to a serial. 43 is a lumped constant circuit showing deformation of the 
pressure room 10 whole, and is expressed in the rigid compliance 55. The lumped constant circuit of the 
whole ink jet head is the configuration of having connected lumped constant circuits 40, 41, 42, and 43 to 
juxtaposition. And an inertance 45 and resistance 46 when the meniscus 15 is filling the nozzle orifice 4 
completely take a larger value than an inertance 45 and resistance 46 when the meniscus 15 is drawn, 
consequently, a simulation is performed as a nonlinear device which changes the pressure 44 and inertance 
45 which constitute the lumped constant circuit 40 of the nozzle section, and resistance 46 according to 
the amount of drawing in of a meniscus 15 — things — ** By carrying out such and performing a simulation 
if the pressure generation source 48 is driven, a pressure plate 8 can know the volume velocity Un t Uc, and 
Us of the ink of each part which ink is eliminated with volume velocity Uv, consequently changes unsteadily. 
And the behavior of the free surface can be given for the simulation result of the volume velocity Un of the 
nozzle section as boundary condition of the general-purpose finite difference method model [ handling / a 
model ], and the flight gestalt of the behavior of a meniscus or an ink droplet can be acquired. In addition, 
the resonant frequency of the vibration system which consists of inertances 45 and 53 and rigid compliance 
55 is pointed out with the resonance frequency of a pressure room. 

[0021] The 1st driver voltage which changes with fixed inclination is impressed to a piezoelectric transducer 
for 10 microseconds, the free behavior of the meniscus near [ when continuing holding this electrical 
potential difference after that ] the nozzle orifice is shown, retreat of a meniscus continues from a driver 
voltage impression point in time (this drawing I) to 10 microseconds (VI), and, subsequently to a nozzle 
orifice side, a meniscus reverses drawing 1 1 . And if 22 microseconds pass since impression of driver 
voltage (XII), an ink droplet will develop even into a projection and the liquid column which is finally extent 
which can form a drop outside from a nozzle orifice 4 (XXI). 

[0022] While drawing 1 2 thru/or the drawing 1 8 Fig. choose as 10 microseconds the time constant of the 
process to which a piezoelectric transducer 1 is made to reduce, and the process which expands a 
piezoelectric transducer, respectively, it changes time amount, i.e., the holding time mentioned above, until it 
expands a piezoelectric transducer from termination of the contraction process of a piezoelectric 
transducer, and shows the flow of the ink near [ when the location of various meniscuses impresses the 2nd 
driver voltage and shrinks a pressure room ] the nozzle orifice. The condition of the ink style when shrinking 
a pressure room for the time of 12 microseconds having passed since the 1st driver voltage impression, i.e., 
the holding time, at the time of 2 microseconds will be shown, a pressure room will be compressed in the 
early phase which retreat of a meniscus stopped and was changed to advance by inertial flow, from the 
nozzle orifice, ink serves as the magnitude with the almost same diameter with a column, i.e., a point, and a 
center section, and drawing 1 2 is flying. 

[0023] Drawing 13 shows the condition of the ink style when making the time of 1 4 microseconds having 
passed since the 1st driver voltage impression, i.e., the holding time, into 4 microseconds, and when a 
meniscus starts to move forward from retreat and moves forward for a while to a nozzle orifice side, it 
shows the condition when extruding a nozzle formation plate to a nozzle orifice side. The ink which jumped 
out of the nozzle orifice like the above-mentioned case also in this case becomes pillar-shaped. 
[0024] It shows the condition of the ink style when making the time of 1 6 microseconds having passed since 
the 1st driver voltage impression, i.e., the holding time, into 6 microseconds, a meniscus changes drawing 14 
to advance from retreat, and when it returns from the location which retreated most to about 1 /3, it shows 
the condition when expanding a piezoelectric transducer. In this case, since a part of tip of the ink which 
jumped out of the nozzle orifice is narrow and it is spherically collected in process of a flight, a dot ideal for 
a record form will be formed. 

[0025] When a condition when drawing 15 thru/or drawing 18 consider as 18 microseconds (8 microseconds 
of holding times), 20 microseconds (10 microseconds of holding times), 22 microseconds (12 microseconds 
of holding times), and 24 microseconds (14 microseconds of holding times) from the 1st driver voltage 
impression, respectively is shown below and the piezoelectric transducer was expanded at these times, it 
has checked becoming spherical [ the tip of the ink which jumped out of the nozzle orifice ]. 
[0026] The recording head which became the model of this simulation is used for drawing 19 . Impress the 
1st driver voltage for 10 microseconds at a fixed rate, i.e., the change rate of extent which a meniscus will 
become pillar-shaped from a nozzle orifice by inertial flow, and will fly if it is left, and a piezoelectric 
transducer is shrunk at a fixed rate. The configuration of the ink droplet injected from a nozzle orifice when 
arbitration carries out time amount maintenance of this contraction condition after that, the driver voltage 
which subsequently changes at a fixed rate is impressed for 10 microseconds and a piezoelectric transducer 
is shrunk is photoed with a high speed camera. As opposed to the point of the ink which jumped out of the 
nozzle if it is what showed the holding time as a parameter and the holding time was one of the things more 
than 6 microsecond (this drawing III) about this being narrow, and becoming spherical It can check that the 
holding time of the whole is pillar-shaped in the thing for 4 or less microseconds (these drawings II and I) in 
the same configuration. 

[0027] When the relation of a regurgitation rate is synthesized and indicated to be the discharge quantity 
from the nozzle orifice of the ink droplet for every holding time mentioned above, as shown in drawing 20 , 
ink discharge quantity (line shown by the drawing middle point line) Although it increases a little in proportior 
to the holding time and an ink regurgitation rate falls rapidly with the holding time till the time of returning 
from the time of 6 microseconds of holding times, i.e., a meniscus, retreating most to about 1/3 location 
Even if the holding time becomes long from this, the constant value of about about 12.5m/second is 
maintained. By the way, the ink which carries out the regurgitation from a nozzle becoming pillar-shaped 
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when an ink regurgitation rate is quick, and becoming spherical, when late is known. And since it was also 
known that the dot formed in a record form will become almost circular when the tip of the breathed-out ink 
was spherical, when 6 microseconds or more, i.e., a meniscus, retreat the holding time most with the 
above-mentioned model from these things, after returning to 1/3 from from, when the pressure room was 
shrunk, it became clear that an ideal dot, i.e., a circular dot, could be printed. 

[0028] The place which this changed parameters, such as size of a nozzle orifice, viscosity of ink, and gap 
length of a nozzle plate and a diaphragm, and various behavior of a meniscus was changed, and was checked, 
Although change arose in time amount until a meniscus returns to 1/3 from the location which retreated 
most, when shrinking the pressure room after the time of returning to 1/3, it was checked that the point of 
the ink which jumps out of a nozzle orifice becomes there is no **** in change of the above-mentioned 
parameter, and spherical. If a pressure room is shrunk after the time of making even extent to which the 
inertial flow produced from these things when retreating a diaphragm makes ink jump out of a nozzle orifice 
extend a pressure room at high speed, and the location of a meniscus returning 1/3 or more from the 
location which retreated most, it means that ink can be made as it is spherical, and it can be made to fly thai 
there is no **** in the location of a meniscus. 

[0029] If this is applied to the drive frequency of an ink jet recording head and is seen, as the continuous 
line showed drawing 21 and drawing 22 , ink discharge quantity and an ink regurgitation rate will become fixec 
from 1kHz of drive frequencies to about 10kHz. This shows it is not only shown that a high print speed can 
also maintain a high quality of printed character, but formation of a continuation dot, and that it can maintain 
a fixed quality of printed character to all printing gestalten when forming a dot every other dot, and forming £ 
dot every 2 dots. On the other hand, by the conventional drive method (line shown with the dotted line in 
drawing 21 and drawing 22 ), ink discharge quantity decreases bordering on nearly 3kHz of drive frequencies, 
and an ink regurgitation rate rises rapidly, and it is shown that a quality of printed character will be 
influenced by drive frequency as a result. 

[0030] By the way; the piezoelectric transducer which uses longitudinal-oscillation mode cannot be easily 
influenced by the thing in flexurally oscillating mode of other configuration members, such as a diaphragm 
and ink, and vibrating with piezoelectric transducer independent resonance frequency mostly is checked. 
[0031] On the other hand, the resonance frequency of a pressure room is decided by the inertances 45 and 
53 and the rigid compliance 55 in above-mentioned drawing 1 0 . The resonance frequency fc of a pressure 
room is [0032], when an inertance 45 is set to Mn and it sets Ms and rigid compliance to Cc for an inertance 
53. 

[Equation 1] 



f c 




M n + M s 



2 k CcXMnXMs 

[0033] It is come out and expressed. In addition, when free vibration of the pressure room is carried out, 
vibrating with the resonance frequency fc is checked. The process to which a pressure room is made to 
expand, and when compressing, residual vibration of the pressure room after pressure room extension and 
ink droplet formation can be made small as much as possible by making into 0.9 or more times of the proper 
oscillation period of a pressure room the standup of the voltage waveform impressed in order to contract, 
0.9 or more times, i.e., the piezoelectric transducer, of the proper oscillation period of a pressure room, and 
to expand the displacement rate of a piezoelectric transducer, and falling time amount. Moreover, in order to 
control the residual vibration of a piezoelectric transducer, the displacement rate of a piezoelectric 
transducer can be attained by making it in agreement with the proper oscillation period of a piezoelectric 
transducer. 

[0034] That is, the piezoelectric transducer after displacement of a piezoelectric transducer itself and the 
residual vibration of the diaphragm combined with this can be suppressed to about 1 0% of the amplitude at 
the time of a drive by setting the time constant of a discharge wave at the time of 

electrical-potential-difference disconnection as 90 thru/or 1 20% of range of the proper oscillation period of 
the vibrator itself, as shown in drawing 23 . 

[0035] As explained above, although the residual vibration of a pressure room and the residual vibration of a 
piezoelectric transducer can be suppressed by setting the standup and/or falling time amount of the 
piezo-electricity impressed to the displacement rate of a piezoelectric transducer, i.e., a piezoelectric 
transducer, as arbitration, take [ according to conditions with dimensions such as a piezoelectric transducer 
and other pressure room formation members, and the quality of the material / the time setting which suits 
each ] are clear. That is, it is desirable to set up as follows with the size relation between the proper 
oscillation period Ta of a piezoelectric transducer and the proper oscillation period Tc of a pressure room (= 
1/fc). 

1) the case of Ta<Tc — the case of tau 1 and tau2 >=0.9xTc2 Ta>=Tc — 0.90x Ta<=tau 1 and tau2 
<=1.2xTa — dot formation can be attained immediately, without establishing the attenuation latency time of 
the residual vibration after the ink injection which affects especially a repeat frequency greatly by setting up 
the build up time and/or falling time amount of the electrical potential difference impressed to a 
piezoelectric transducer in this way, and the drive repeat frequency of a recording head can be raised 
further. 

[0036] In addition, although the case where it applied to the ink jet recording head which formed ink passage 
only in one side of a pressure room in the above-mentioned example was explained, even if it applies to the 
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ink jet recording head which formed the ink feeder current way in the both sides of a pressure room, it is 
clear to do the same operation so. 

[0037] Moreover, even if it applies to the so-called ink jet recording head of the edge EJIEKUTO format of 
making an ink droplet injecting in the direction parallel not only when it applying to the so-called ink jet 
recording head of the face EJIEKUTO format that the diaphragm is countered and formed in the nozzle 
orifice, but to a diaphragm, it is clear to do the same operation so. 
[0038] 

[Effect of the Invention] The 1 st process which retreats said diaphragm from a nozzle orifice to a position at 
the rate of extent in which impresses driver voltage to a piezoelectric transducer and the meniscus of a 
nozzle orifice carries out the regurgitation from a nozzle orifice in this invention as explained above, Since it 
had the 2nd process which holds a diaphragm in said location, and the 3rd process to which a meniscus 
advances a diaphragm to a nozzle orifice side when the amount of retreat returns 1/3 or more While using 
positively the ink style near [ which is produced at the time of contraction of a piezoelectric transducer ] 
the nozzle orifice Pressure room compression is attained in the field for which the regurgitation rate of an 
ink droplet does not depend on the location of a meniscus, by this, the size and the flight rate of an ink 
droplet can be maintained almost uniformly over the range where a drive repeat frequency is large, and the 
recording device in which a high-speed drive is possible can be realized. Moreover, since the standup of the 
charge at the time of ink droplet injection and/or discharge and falling time amount were suitably set up with 
the period of vibration of a pressure room and a piezoelectric transducer, the residual vibration amplitude of 
the vibration system containing the piezoelectric transducer after ink droplet injection can be made small, 
and a drive repeat frequency can be raised. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

fDrawing 11 It is the cross-section perspective view showing one example of the ink jet recording head to 
which this invention is applied. 

[Drawing 21 It is the sectional view of the ink jet recording head shown in drawing 1 . 

[Drawing 31 They are the ink passage of the ink jet recording head shown in drawing 1 , and drawing showing 
the array of a nozzle orifice. 

[Drawing 41 It is drawing showing the movement condition of the piezoelectric transducer in the ink jet 
recording head shown in drawing 1 . 

[Drawing 51 This drawing (I) thru/or (IV) are the explanatory views showing the outline of actuation of an ink 
jet recording head same as the above, respectively. 

[Drawing 61 It is the circuit diagram showing one example of the circuit which drives an ink jet recording 
head same as the above. 

[Drawing 71 This drawing (I) thru/or (IV) are the terminal voltage of the driving signal and piezoelectric 
transducer which are impressed to a drive circuit same as the above, respectively, the charging current, and 
the explanatory view showing migration of a meniscus. 

[Drawing 81 It is the explanatory view showing the relation of the contraction process of a piezoelectric 
transducer, a maintenance process, and an expanding process. 

[Drawing 91 It is the explanatory view showing the relation of the contraction process at the time of using 
the piezoelectric transducer of the type reduced by discharge, a maintenance process, and an expanding 
process. 

[Drawing 1 Ql It is drawing showing an example of the model used for carrying out simulation of the behavior 
of the ink in the pressure interior of a room by the drive approach of this invention. 

[Drawing 1 11 It is drawing showing the behavior of the meniscus for every time amount at the time of leaving 
it in the condition of having made the piezoelectric transducer reducing. 

[Drawing 121 It is drawing showing the behavior of the meniscus for every time amount at the time of leaving 
it for 2 microseconds in the condition of having made the piezoelectric transducer reducing, and expanding a 
piezoelectric transducer after that. 

[Drawing 131 It is drawing showing the behavior of the meniscus for every time amount at the time of leaving 
it for 4 microseconds in the condition of having made the piezoelectric transducer reducing, and expanding a 
piezoelectric transducer after that. 

[Drawing 141 It is drawing showing the behavior of the meniscus for every time amount at the time of leaving 
it for 6 microseconds in the condition of having made the piezoelectric transducer reducing, and expanding a 
piezoelectric transducer after that. 

[Drawing 151 It is drawing showing the behavior of the meniscus for every time amount at the time of leaving 
it for 8 microseconds in the condition of having made the piezoelectric transducer reducing, and expanding a 
piezoelectric transducer after that. 

[Drawing 161 It is drawing showing the behavior of the meniscus for every time amount at the time of leaving 
it for 10 microseconds in the condition of having made the piezoelectric transducer reducing, and expanding 
a piezoelectric transducer after that. 

[Drawing 171 It is drawing showing the behavior of the meniscus for every time amount at the time of leaving 
it for 12 microseconds in the condition of having made the piezoelectric transducer reducing, and expanding 
a piezoelectric transducer after that. 

[Drawing 181 It is drawing showing the behavior of the meniscus for every time amount at the time of leaving 
it for 14 microseconds in the condition of having made the piezoelectric transducer reducing, and expanding 
a piezoelectric transducer after that. 

[Drawing 191 This drawing (I) thru/or (X) are drawings showing the configuration of the ink droplet for every 
above-mentioned holding time, respectively. 

[Drawing 201 They are the holding time, an ink regurgitation rate, and the diagram showing the relation of ink 
discharge quantity. 

fDrawing 211 It is the diagram showing the relation between drive frequency and ink discharge quantity. 
[Drawing 221 It is the diagram showing the relation between drive frequency and an ink regurgitation rate. 
[Drawing 231 It is the diagram showing the relation between the time constant of the driver voltage at the 
time of piezoelectric transducer expanding, and the damping-oscillation amplitude. 

[Drawing 241 It is drawing showing an example of the conventional drive circuit of the ink jet recording head 
which used longitudinal-oscillation mode. 
[Description of Notationsl 
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1 Piezoelectric Transducer 

2 Pressure Transfer Member 

3 Nozzle Plate 

4 Nozzle Orifice 

5 Ink Feeder Current Way 
10 Pressure Room 

15 Meniscus 



[Translation done.] 
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